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Abstract 
Aker Clean Carbon (ACC) is developing and testing improved CO2 capture processes, including a 
regeneration unit based on thermal reclamation techniques. Design and operation of amine reclamation 
units was early identified by ACC as a challenge due to general limited experience with this type of 
equipment for this service. ACC has therefore teamed up with research institutes and suppliers with 
extensive knowledge of similar technologies and has since 2009 prepared for and performed technology 
development related to amine reclamation using a stage-wise approach. This approach is outlined in the 
paper for one of ACC proprietary amine mixtures, CC6. Experience, know-how and concrete results from 
-house dimension tools for sizing and design of 
reclaimers for full-scale capture plants.   
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Nomenclature 
 
ACC Aker Clean Carbon 
CC6 ACC proprietary solvent 
HSS Heat Stable Salts (degradation products) 
MTU Mobile Test Unit 
TCM CO2 Technology Centre Mongstad 
VLE Vapour-Liquid Equilibrium 
1. Background 
Aker Clean Carbon (ACC) is developing and testing improved CO2 capture processes and the project 
portfolio includes an extensive solvent development program with aim to develop amines and amine 
mixture that minimize emissions, energy consumption and solvent degradation. Experience from this 
development program has however shown that a certain degree of degradation of active solvent 
components will take place over time, by reversible and irreversible mechanisms, to non-active 
components. In addition  in particular for coal-fired cases  pollutants in the flue gas will accumulate in 
the amine solvent and will in itself necessitate solvent cleaning.  
When present in adequate amounts, impurities and degradation products will influence solvent 
characteristics such as density, viscosity, CO2 capture capacity, etc. Other unwanted effects may be 
accelerated degradation of solvent components, increased corrosion, environmentally negative effects due 
to increase of volatile degradation products, and accumulation of hazardous components with regard to 
operator handling. It is therefore desirable to keep the resulting degradation products in the process below 
a certain concentration. Means of achieving this can be to periodically dispose of (all or part of) the liquid 
inventory, alternatively include a regeneration unit to remove the degradation products. 
Several means of amine regeneration exists and ACC has conducted evaluation of methods based on 
cost and technology maturity. From a variety of reclaiming techniques, thermal reclaiming is considered 
superior to the others, due to smaller uncertainty with regards to degree of efficiency of reclaiming, as 
well as smaller waste generation. 
Studies have also been undertaken in order to evaluate the economical benefits of including a 
reclamation unit in a full scale CO2 capture plant as opposed to dispose of polluted amine. The 
economical evaluation study of reclamation cost is necessarily based on several assumptions regarding 
reclaimer design and operation. In particular, the composition of the reclaimer waste has a significant 
impact on the economics. The waste will consist of degradation products, alkali salts and impurities, in 
solution or as precipitates, in addition to an up-concentrated amine/water fluid phase. The studies showed 
that from an economical point of view, investing in a reclamation unit is justified by the large delta in the 
operational costs with and without reclamation. 
 Based on the above, ACC has concluded with the inclusion of a regeneration unit in commercial 
capture plants, based on thermal reclamation techniques. 
Design and operation of amine reclamation units was early identified by ACC as a challenge due to 
general limited experience with this type of equipment for this service and with no commercial suppliers 
on the marked. ACC has therefore teamed up with research institutes and suppliers with extensive 
knowledge of similar technologies, more specifically MEG regeneration units for the oil industry, and has 
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since 2009 prepared for and performed technology development related to amine reclamation using a 
stage-wise approach. This approach is outlined below and exemplified by one of ACC proprietary amine 
mixtures, CC6. Experience, know-how and concrete results from such a development course are fed back 
-house dimension tools for dimensioning and design for reclaimers for full-scale capture 
plants.   
2. Initial simulations 
ACC has developed an in-house dynamic simulation tool based on mass transfer models between main 
process loop and reclaimer using vapor-liquid equilibrium (VLE) models. The main purpose with the 
simulations is to estimate and evaluate the dynamics of the reclamation process, e.g. the temperature 
development during reclamation and the time necessary for achieving steady state. The simulation tool 
also enables evaluation of uncertainties/variation of the volatility of the different amine components, 
through changing of activity coefficients, and evaluation of depletion of single components in the main 
process stream. Figure 1  Figure 3 present examples of results that can be obtained from use of the 
simulation tool. 
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Figure 1: Simulated solvent component development over time together with temperature (a) in reclaimer reactor 
(left figure), and (b) in vapour from reclaimer (right figure). 
Figure 1 shows the results from a simulation of a lab scale ne 
CC6. The figure shows the results for simulating reclamation of pure CC6 at atmospheric conditions. The 
reclamation temperature stabilizes slightly above 120oC, and the similar ratios between Am1 and Am2 in 
reclaimer liquid and vapour boiled off indicate a favourable behaviour keeping the amine ratio in the main 
process constant. 
 
Figure 2 shows the effect of steam 
stripping after the course simulated in 
Figure 1. Here, it is seen how the 
solvent amines Am1 and Am2 are 
boiled off from the reclaimer liquid, 
increasing the total recovery of the 
amines during a reclaimer cycle. 
Temperature decreases with reduced 
solvent amines concentrations. 
Figure 2: Simulated solvent component development over time together with temperature in reclaimer reactor. Solvent 
feed reclaiming first 77 minutes, then steam stripping. 
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In Figure 3, simulating the effect of the reclaiming process on the main process loop (MTU) is shown. 
Here, the operating pressure is 190 kPa, and the inventory volumes of both reclaimer and MTU is taken 
into account. The course of the solvent amines Am1 and Am2 in the main process loop is shown, as well 
as the HSS level (effect of 
degradation products/HSS on VLE 
in the reclaimer is assumed 
negligible in this example). It can 
be seen to what extent the main 
process loop is depleted with regard 
to Am1 and Am2. Depending on the 
sensitivity of amine concentrations 
in the main process solvent loop, 
such results might influence the 
design and choice of reclaimer 
vessel volume compared to the 
main process loop volume. 
 
 
 
 
 
 
3. Laboratory reclamation  
Laboratory reclamation is the first step of actual 
on a laboratory scale. Laboratory reclamation may be used as experimental screening method for different 
process concepts. It makes it possible to easily test different solvents, both pure (fresh) solvents, 
artificially degraded solvent, 
gases and operating conditions, resulting in representative solvent samples.  
In a laboratory set-up, indications/estimates of the following parameters are obtained;  
 VLE-behaviour  
 temperature development  
 precipitation  
 viscosity  
 mass balances  
 waste composition  
 waste amount  
 indication of other operation challenges (e.g. foaming)  
ACC has built a lab-reclaimer set-up consisting of a jacketed glass cell with a stirrer and a separately 
tempered condenser. The equipment is of glass to enable visual observation of the reclamation process 
and operates at atmospheric pressure. Amine is continuously fed to the vessel, and the boiled-off vapor is 
condensed in the condenser. Water feed is possible to mimic steam stripping. Included in the laboratory 
set-up and experimental program is controlled sampling as well as an extensive analysis program. 
Examples of results obtained from the experiments are shown in the following figures. 
In Figure 4, the results from reclamation of fresh (unused) CC6 at atmospheric conditions are shown. 
These results can be compared with simulation data shown in Figure 1. The stationary temperature levels 
Figure 3: Simulated solvent component and HSS development over time 
together with temperature in main process solvent loop (MTU), relative 
concentrations to start concentrations (before reclaiming). 
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are similar (slightly above 120ºC), as are the solvent amine profiles in reclaimer liquid and vapour, 
confirming simulation results. 
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Figure 4: Results from lab reclaimer experiment with pure (unused) solvent CC6 at atmospheric conditions. The 
figures show solvent components development over time together with temperature (a) in reclaimer reactor (left 
figure), and (b) in vapour from reclaimer (right figure). 
In Figure 5, results from reclaiming of degraded (used) CC6 are shown. Comparing Figure 4 and 
Figure 5, the different course of solvent amines Am1 and Am2 can been seen (reduction of amine levels 
over time after initial peaks), caused by change in volatility due to presence/build-up of HSS. Also, the 
effect of HSS on reclamation temperature can be seen, as this increases to approximately 135ºC. Steam 
stripping was conducted towards the end, with water injection to temperature 120oC, before boiling in to 
150oC at the very end. Lab scale results confirm the positive effect with regards to solvent amines boil-off 
during steam stripping, and as predicted by simulations: similar favourable ratios between Am1 and Am2 
in reclaimer vessel and boiled-off vapour. 
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Figure 5. Results from lab reclaimer experiment with used solvent CC6 (from MTU operating on coal fired power 
plant flue gas) at atmospheric conditions. Solvent component development over time together with temperature (a) in 
reclaimer reactor (left figure), and (b) in vapour from reclaimer (right figure). Steam stripping from 47.5 h. 
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From these laboratory experiments, it was experienced that the reclaimer fluid viscosity can become 
very high, which is crucial information for the operation of reclamation units. No foaming was observed. 
The course of salt precipitation was observed during the experiment. Presence, amount and behavior of 
salt precipitation will depend on the nature of the solvent (solvent recipe, main process operational 
conditions and duration and allowed HSS levels), and operational conditions in the reclaimer (for instance 
degree of up-concentration, alkali addition, presence of hot and cold spots).  
Altogether, laboratory experiments give a valuable process understanding and an insight into the fluid 
behavior within the reclaimer. This type of operational experience leads to more predictable and hence 
safer larger-scale operations.  
Based on these experiences a new lab-set up was designed and constructed. This new set-up enables 
reclamation under pressurized conditions, and is more automated.  
4. Pilot-scale tests 
A laboratory set-up, though being extremely valuable as a first experimental approach as explained in 
the previous chapter, can however only mimic a reclamation process; limitations in a laboratory set-up 
include small liquid inventory and large wall effects, sample extraction influencing reclaimer inventory 
and reclamation process due to relatively large volumes extracted, not representative heat source, non-
scale equipment.  
The natural n therefore pilot-scale 
testing. ACC has now access to two pilot plants with reclamation facilities;  
 ACC's Mobile Test Unit (MTU) - a full height pilot with 18 m structured packing in the absorber and 
8 meter structured packing in the stripper with a capacity of 0.2 ton CO2 capture/hr. The absorber 
diameter is 0.4 m.  
 The amine plant at CO2 Technology Centre Mongstad (TCM)  one of facilities 
for testing CO2 capture, with a capacity of 9 ton CO2 capture/hr. The absorber has a footprint of 
7.1 m2. The amine plant at TCM was started up second quarter of 2012.  
Both the MTU and the TCM plant produce representative performance data with respect to capture 
rate, solvent loadings, emissions, etc. and since they both operate on real flue gases, representative solvent 
for reclamation is produced in the facilities.  
Both pilots contain a thermal reclamation unit, with design and process very close to a large-scale 
reclamation process. Pilot plant reclamation results in verification of the reclamation operation, effect of 
reclamation on energy number/performance of main process, effect of reclamation on emission to 
exhaust/CO2 product, amine losses, amount of waste, waste characterization and composition as well as 
assessment of waste handling and operational procedures. 
Several reclaimer campaigns have been performed in the MTU reclaimer. A reclamation cycle was 
performed on a CC6 solvent that had been utilized for CO2 capture from a coal fired power plant flue gas 
for 1500 hrs. Figure 6 shows the development of the process parameters during the reclamation period. It 
is seen that a steady-state (very slowly increasing) temperature was reached after approx. 10 hrs. (black 
bold line) and kept at this for another 30 hrs. before boiling-in at high temperature followed by steam-
stripping. 
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Tag Parameter Location Measurement Unit
39TT2001.DACA.PV Reclaimer vessel temperature Reclaimer vessel Temperature oC
39PT2025.DACA.PV Reclaimer vessel pressure Reclaimer vessel Pressure barg
39LT2012.DACA.PV Reclaimer NaOH dosing tank liquid level Reclaimer NaOH dosing tank Liquid level %
39LT2005.DACA.PV Reclaimer liquid level Reclaimer vessel Liquid level %
39LST2006.DACA.PV Reclaimer liquid level Reclaimer vessel Liquid level %
39LIC2005.PIDA.SP Reclaimer liquid level setpoint Reclaimer vessel Liquid level %
39LIC2005.PIDA.OP Reclaimer feed flow control valve op Reclaimer feed flow control valve Valve op %
39FT2011.DACA.PV Reclaimer feed flow Reclaimer feed flow Flow kg/h
39TIC2001.PIDA.OP Reclaimer heater duty op Reclaimer vessel heater Heater op %  
Figure 6. Operation trend diagram for reclamation campaign in MTU pilot reclaimer. 
Operational experience from the pilot reclamation may be summarized to:  
 No significant increase in total heat duty (main process loop reboiler duty plus reclaimer duty) during 
reclaiming 
 No effect observed on main process loop parameters, for instance specific reboiler duty, before and 
after reclaiming process 
 84% of the HSS in the lean amine in the MTU before start was removed during the solvent feed 
period of the reclaiming process 
 Compositions of reclaimer liquid and main process solvent were analysed, and mass balances 
showing the decrease of degradation products/HSS in main process solvent and increase in reclaimer 
liquid were obtained  
 There was no net loss of total free amine in the main process solvent during the reclaiming period, 
and single amine levels were practically unchanged after reclaiming. 
 The viscosity was decreased in process solvent by reclaiming, while the viscosity in the reclaimer 
liquid increased significantly during the reclaiming process, especially during boil-down and steam 
stripping. 
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TCM was started up in the second quarter of 2012 and CC6 has not yet been tested at the facility. It is 
however planned to operate the plant on CC6, and perform reclamation of the solvent. Direct comparison 
of the MTU and the TCM results will then be essential in order to understand scale-up effects in addition 
to process understanding. 
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